Reaction of isopropyl [(2-pyridyl)alkyl]amines such as N-isopropyl-N-2-methylpyridine or N-isopropyl-N-2-ethylpyridine with aqueous solutions of NaAuCl 4 led to the formation of [LAuCl 2 ][AuCl 4 ] in low yields, where L = pyridyl amine bound to gold in a bidentate fashion. Reaction of 2-(3,5-diphenyl-1H-pyrrol-2-yl)pyridine with aqueous NaAuCl 4 , however, proceeded with formal loss of HCl and direct formation of the gold(III) amido complex L 0 AuCl 2 , where L 0 = deprotonated pyrrolyl ligand. Optimization of the reaction conditions to make the new amido complex identified MeCN:H 2 O (1:2) as the best choice of solvent, affording product in 92% yield. This dichloro amido complex is a convenient precursor to L 0 AuMe 2 , which was found to be air-stable and thermally robust.
Introduction
Although the chemistry of gold has recently undergone a renaissance in synthetic organic chemistry [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , catalysis involving two electron redox processes such as oxidative additions and reductive eliminations has been slower to develop [14] [15] [16] . This is perhaps surprising, as the reductive elimination of organics like ethane from gold dimethyl complexes has been known for some time. These reductive elimination reactions have been exploited in materials and heterogeneous chemistry, where the clean loss of gaseous ethane has popularized the use of gold dimethyl complexes in the syntheses of supported gold catalysts and as chemical precursors to gold nanoparticles [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . With such practical uses for gold(III) dialkyl complexes, fundamental studies on the synthesis of new derivatives, as well as on the kinetics and mechanism of reductive elimination of crosscoupled alkane are of significant importance.
In general, the rate of alkane loss from gold dialkyls greatly depends on the structure of the organometallics.
For instance, Me 4 Au 2 I 2 (1) is known to detonate violently upon melting at 78°C (Eq. (1)) [36] . (PR 3 )AuMe 2 X complexes also thermally lose ethane (Eq. (2)) with rates that are sensitive both to the nature of X À and the nature of the phosphine ligand [37] [38] [39] [40] [41] [42] [43] [44] . The mechanism of ethane formation from 2 (Eq. (2) ) is believed to first involve dissociative loss of a phosphine, as the rates are severely retarded in the presence of excess phosphine [41] [42] [43] 45] . A similar dissociative mechanism is believed to take place with gold acetylacetonate complexes 3 (Eq. (3)), where one arm of the chelate dissociates to form a T-shaped intermediate before loss of ethane occurs [46] We are interested in the reductive elimination chemistry of gold because of its relevance to the emerging field of alkylalkyl cross-coupling chemistry [47] [48] [49] [50] [51] [52] [53] [54] . Eqs. (1)-(3) suggest that if a Au III ðR alkyl ÞðR 0 alkyl Þ species can be formed under conditions typically employed for cross-coupling reactions, then depending on the ligand, reductive elimination of cross-coupled alkane could indeed occur. Catalysis would additionally require that the resulting Au(I) fragment be capable of oxidatively adding an alkyl electrophile, and there are in fact reports of facile gold-mediated oxidative additions of alkyl halides with (PR 3 )AuX [55] [56] [57] [58] . We wondered if new amido complexes could be developed that might be able to mimic the reductive elimination and oxidative addition chemistry of the well-known gold phosphine complexes (Fig. 1) . Amido-based ligands were chosen as targets because their amine precursors are airstabile and relatively easy to prepare, and because they could potentially support the Au(I)-Au(III) redox cycle shown in Scheme 1. This cycle involves d 8 and d 10 gold intermediates that are also isoelectronic with the Pd(II) and Pd(0) intermediates that are well-known to catalyze aryl-aryl cross-coupling reactions.
With the new amido ligands, it will be especially important to study the relationship between ligand dissociation from 4 to 5 with catalytic cross-coupling activities, as reductive eliminations of alkane from amido dialkyl complexes of gold may also require the initial formation of a three-coordinate species. We anticipated that ligands 6-8 (Chart 1), once deprotonated and bound to gold, will have varying degrees of flexibility and will allow us to probe systematically the effect of coordination environment on the reductive elimination step described in Scheme 1. Our lab is working to prepare well-defined gold dimethyl complexes based on 6-8, and here we report progress towards that goal.
Results and discussion
Addition of 1 equiv. of the aminopyridine ligand 6 to an aqueous solution of NaAuCl 4 led to an instant precipitation of the new gold complex 9 (Eq. (4)) in moderate yields. The precipitate was immediately filtered, as it was found that continued stirring of the resulting suspension led to eventual redissolution of 9 to afford a complex mixture which we were unable to characterize. Once complex 9 has been isolated, however, it is quite stable in organic solvents. X-ray quality crystals were grown by vapor diffusion of diethyl ether into an acetonitrile solution of 9 to give bright yellow crystals 
The ORTEP diagram of 9 is shown in Fig. 2 , and the X-ray structure confirms a cationic gold complex containing a AuCl 4 counter-ion. The N 2 AuCl 2 (where N 2 = N-isopropyl-N-2-methylpyridine) cationic core of 9 adopts a square-planar arrangement typically seen for d 8 -metal complexes. The nitrogen atom of the amino ligand retains its tetrahedral geometry, which places the i-propyl ligand above the plane of the pyridine ring. Additionally, the steric bulk of the organic ligand was found to be relatively shielding, as no intermolecular AuÁ Á ÁAu or AuÁ Á ÁCl contacts closer than the sum of the van der Waals interactions were observed in the solid-state packing diagram.
Similar coordination chemistry to gold was observed with the ligand 7, which contains an extra methylene group in the amino linker. Upon addition of 7 to an aqueous 
The ORTEP diagram of 10 is shown in Fig. 3 , and the Xray structure confirms the bidentate coordination of 7 leading to a six-membered ring. A substantial pucker in the metallacycle is required to achieve a planar N 2 AuCl 2 core in 10 (N 2 = N-isopropyl-N-2-ethylpyridine), and the plane of the pyridine ring is now substantially twisted out of the Cl(1)-Au(1)-Cl(2) plane. Again, pairing of the amino-gold cation with a AuCl 4 counter-ion was observed. Synthetically, methods to prepare the cationic amino complexes 9 and 10 without the AuCl 4 counter-ion are much more desirable. Not only would such methods provide cheaper amino complexes by using half the amount of gold, but they would also afford intermediates that could potentially be converted to the desired amido complexes without the inherent purification problems involved when using 9 and 10. Therefore, the search for alternative methods to prepare [LAuCl 2 ]Cl, where L = 6 or 7, or their amido derivatives, is ongoing in our labs. 
The coordination chemistry of the 2-(3,5-diphenyl-1H-pyrrol-2-yl)pyridine ligand (8) with gold was substantially different than the amino-pyridine ligands 6 and 7. When mixed with aqueous NaAuCl 4 , ligand 8 led directly to the desired amido complex 11 without proceeding through intermediate AuCl 4 salts of the amine (Eq. (6)). The reaction proceeds through the formal loss of HCl and the precipitation of the red-brown amido complex 11 in high isolated yields (Eq. (6)). Optimization of this reaction identified MeCN:H 2 O (1:2) as the best choice of solvent, affording 11 in 92% yield. Interestingly, addition of extraneous bases like NEt 3 did not promote the reaction, but in fact led to lower yields of 11. The X-ray structure of 11 is shown in Fig. 4 . The Au-Cl bond trans to the anionic ligand measures 2.280(8) Å and is slightly longer than the Au-Cl bond trans to the pyridyl nitrogen (2.261(8) Å ). Also of note is that because of the 
With amido complex 11 in hand, we were able to prepare the dimethyl analogue 12 in moderate yields by transmetallation with SnMe 4 (Eq. (7)) [59] . Two distinct methyl groups are observed in the 1 H NMR spectrum at d 1.00 and 0.79 in CDCl 3 , as would be required for a non-fluxional square-planar complex. The X-ray structure (Fig. 5 ) reveals that the Au-CH 3 bond trans to the anionic ligand has a bond length of 2.135(6) Å and is longer than Au-CH 3 bond trans to the pyridyl nitrogen (2.051(9) Å ). Additionally, the bond between gold and the pyrrolyl nitrogen is shorter than that between gold and the pyridyl nitrogen (2.064 (7) vs. 2.149(7) Å ), reflecting the fact that gold forms a stronger bond with the anionic donor. As with the dichloride complex 11, two enantiomeric conformations of 12 were observed in the unit cell, suggesting hindered rotation around the C17-C18 bond (Fig. 5) .
Structurally, the dimethyl complex 12 is an excellent model of the isoelectronic pyridylindole platinum 13, which is capable of oxidatively adding the C-H bonds of benzene [60] . Complex 12 is also an exceedingly stable organometallic complex of gold, and can even be purified by column chromatography under aerobic conditions. Moreover, it is thermally robust, showing little decomposition (relative to an internal standard) by NMR spectroscopy after heating for 1 h at 100°C in THF-d 8 in a sealed tube. This thermal stability is in sharp contrast to that displayed by (PR 3 )AuXMe 2 complexes, which show rapid loss of ethane at temperatures ranging from 45 to 75°C, depending on the nature of X À and the nature of the phosphine ligand [41] [42] [43] . Complex 3 (R = Me) also loses ethane at lower temperatures (70°C) [61] . We speculate that the rigidity of the 2-(3,5-diphenyl-1H-pyrrol-2-yl)pyridine ligand in 12 inhibits the dissociation of the pyridyl arm and the formation of a three-coordinate intermediate, making 12 resistant to reductive elimination reactions. This enhanced stability, however, is not desirable for the catalysis outlined in Scheme 1, as all attempts to effect Negishi, Kumada, Sonogashira, and Stille cross-couplings with alkyl iodides and bromides failed. Dimethyl gold(III) amido complexes based on the ligands 6 and 7 are anticipated to be much more coordinatively labile than those derived from 8, but synthetic methods to prepare these derivatives still need to be developed.
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Concluding remarks
While a number of studies on the reductive elimination of alkane from gold dialkyl complexes have been reported, relatively little is known about the organometallic chemistry of gold amido complexes. The synthetic methods reported herein allow for the generation of a structurally rigid bidentate amido dimethyl complex of gold and an initial study of its thermal stability. It is tempting to suggest that the elevated thermal stability of 12 is indicative of the fact that reductive elimination of ethane for pyridyl amido complexes of gold follows the same mechanism for (PR 3 )AuMe 2 X complexes and requires initial dissociation of a ligand to form a threecoordinate Au(III) intermediate. However, only when further studies on 12 are performed along with studies on a series of related pyridyl amido complexes will the mechanism of reductive elimination for this class of gold amido complexes be fully understood. Towards that endeavor, two amino pyridyl complexes of gold containing more floppy linkers have also been outlined in this report. The initial studies indicate that during the preparation gold complexes containing ligands 6 and 7, the formation Au(1)-N(1) 173.4(4), N(2)-Au(1)-N(1) 77.6(3), C(1)-Au(1)-N(1)  96.8(3), N(2)-C(8)-C(7) 114.9(7) . of salts containing AuCl 4 counter-ions must be avoided in order to both increase yields of gold amino complexes and to provide more versatile precursors to their respective amido derivatives.
Experimental
General considerations
All manipulations were performed using standard Schlenk techniques or in a nitrogen-filled glovebox, unless otherwise noted. Solvents were distilled from appropriate drying agents before use, and deionized water was used for aqueous reactions. All reagents were used as received from commercial vendors unless otherwise noted. Elemental analyses were performed by Desert Analytics.
1 H NMR spectra were recorded at ambient temperature on a JEOL 270 MHz and a Bruker 300 MHz spectrometer and referenced to residual proton solvent peaks. A Rigaku MSC Mercury/AFC8 diffractometer was used for X-ray structural determinations. The ligands N-isopropyl-N-2-methylpyridine [62] , N-isopropyl-N-2-ethylpyridine [63] , and 2-(3,5-diphenyl-1H-pyrrol-2-yl)pyridine [64] were prepared by previously published methods.
Preparation of complex 9
A solution of N-isopropyl-N-2-methylpyridine (0.041 g, 0.275 mmol) in degassed water (5 ml) was adjusted to pH 6 by addition of dilute hydrochloric acid solution and then added dropwise to a stirred solution of KAuCl 4 hydrate (0.104 g, 0.275 mmol) in degassed water (5 ml 
Preparation of complex 10
To an aqueous solution of NaAuCl 4 
Preparation of complex 11
To a solution of NaAuCl 4 AE 2H 2 O (0.113 g, 0.284 mmol) in 6 mL of degassed water was added a solution of 2-(3,5-diphenyl-1H-pyrrol-2-yl)pyridine (0.084 g, 0.284 mmol) in 3 mL of acetonitrile. The mixture became cloudy and then a brown precipitate was formed. The mixture was allowed to stir overnight at room temperature. After filtration a brown solid was recovered (0.148 g, 92%). 1 
Preparation of complex 12
SnMe 4 (0.049 mL, 0.355 mmol) was added dropwise to a solution of 11 (0.100 g, 0.177 mmol) in 5 mL of distilled THF at À78°C. The mixture was stirred at low temperature during 15 min, then at room temperature for 1.5 h. Then the solution was refluxed for 4 h. The solution turned from dark brown to light orange with a brown deposit in the flask. Solvents were removed under reduced pressure, and the residue was dried under vacuum. After purification by chromatography (hexane/AcOEt), a yellow product is recovered (0.045 g, 49%). 
Crystallographic analyses of all new compounds
The crystal data are shown in Table 1 . Data were collected on a Rigaku/MSC AFC8 Mercury CCD diffractometer using Mo Ka radiation. The structures were solved by direct methods using SHELXS-97 [65] and refined by fullmatrix least-squares procedures on F 2 o using SHELXL-97 [66] . All non-hydrogen atoms were refined anisotropically. The hydrogen atom positions have been refined using the atom corresponding riding model.
